Background: Overweight and obesity are becoming increasingly critical problems in most developed countries. Approximately 20% of adults in most European countries are obese. This study examines the prevalence of overweight and obesity in Luxembourg and their association with different demographic, socioeconomic (SES), and behavioural factors. Methods: The data used in this study were taken from 2 surveys on household income and living conditions conducted in 1995 and 2007. The target population was household residents aged 16 years and older, and body mass index (BMI) data were self-reported. Average BMI, overweight, and obesity prevalence rates were calculated according to each demographic (gender, nationality, marital status), SES (educational level, profession, and place of residence), and behavioural (physical activity and diet) factors. A multivariate logistic regression analysis was conducted to measure the relationship between obesity and demographic, SES, and behavioural factors. All analyses were conducted according to gender, and data used were weighted.
Background
Overweight and obesity are gradually becoming highly critical health problems in most developed countries [1] . In 1997, the World Health Organization (WHO) reported that obesity is a chronic disease and that 'it is now so widespread that it replaces the traditional public health problems such as malnutrition and infectious diseases, and is one of most important factors of ill health'. In 2006, the Ministerial Conference of WHO found that obesity prevalence had tripled in 20 years; 1 of 2 adults and 1 of 5 children were overweight in the WHO European Region [2] , and approximately 20% of adults in most European countries were obese [3] . The potential medical and socioeconomic (SES) consequences of overweight and obesity threaten individual health and health systems [4] [5] [6] [7] . Several studies have examined the relationship between demographic and SES factors and obesity [8] [9] [10] [11] [12] [13] [14] . Among the SES factors, educational level plays an important role [8] [9] [10] [11] [12] [13] [14] . Most studies show a generally linear relationship (negative) between educational level and obesity, with the most educated people having low rates of obesity [9] [10] [11] [12] [13] [14] .
The relationship between SES and obesity is also mediated by behavioural factors such as diet (or nutrition) and physical inactivity, which play a role in the SES-body mass index (BMI) gradient [15] [16] [17] [18] . However, in a population-based study in Sweden, only a part (18%-29%) of the association between educational level and obesity could be explained by the measured lifestyle factors [13] .
In underprivileged zones and among the most disadvantaged groups, individuals (especially young people) are more inclined to smoke, which increases risk for overweight [19] [20] [21] .
In Luxembourg, the prevalence of overweight and obesity was 36% and 17%, respectively, in 2005 [22] . A recent study [23] involving patients who underwent coronary angiography in 2008 and 2009 showed high rates of overweight (47.1%) and obesity (34.2%) . Because the prevalence of these conditions is increasing in most developed countries, we studied their evolution and determinants between 1995 and 2007 in the general population in Luxembourg.
This paper has 2 main objectives. The first is to provide an account of the extent of overweight and obesity and their evolution in Luxembourg between 1995 and 2007, according to demographic and SES characteristic. The second is to analyse the relationship between demographic and socioeconomic determinants, behavioural factors, and obesity. This is the first study in Luxembourg to focus on the evolution of overweight and obesity in the general population. Owing to the diversity in the resident population (approximately 43.2% of residents were foreigners in 2007 according to the National Institute of Statistics and Economic Studies [24] ), we were able to determine differences in the prevalence of overweight and obesity between Luxembourg natives and foreigners.
Methods
The data analysed in this study pertain to household income and living conditions from 'Panel Table 2 ). BMI, defined as the ratio between a person's weight and height (kg/m 2 ), was selfreported. To minimize bias, the investigator handed the respondents a card that showed the corresponding BMI value at the intersection of their height and weight. Overweight was defined as a BMI of 25-30 kg/m 2 , and obesity was defined as a BMI of ≥ 30 kg/m 2 .
Marital status was identified by 4 modalities: single, married, separated/divorced, and widowed. The nationality variable represented national origin of subjects residing in Luxembourg. The International Standard Classification of Education (ISCED) was used to describe the educational level, which was divided into 3 categories: primary education (ISCED 1), secondary education (ISCED 2 and ISCED 3), and tertiary education (ISCED 4 and ISCED 5).
Profession was defined using the international classification of the International Labour Organization, which is based on the last occupation of the respondents and grouped into 4 terms: managers and intellectual professions, intermediate professions, employed, and agricultural workers/craftsmen/workers/no profession.
The residence location variable allowed researchers to measure spatial variation in the prevalence of overweight and obesity: this variable comprised the following 6 regions: Centre-North, Centre-South, East, West, North, and Luxembourg City.
Physical activity was defined as a dichotomous variable: Respondents answered yes if physical activity was practiced and no if not. Diet was measured by the question: 'Do you think your diet is balanced, unbalanced, or you do not know'?
Statistical Analysis
The prevalence of overweight and obesity and average BMI were calculated according to demographic (gender, nationality, and marital status) SES (educational level, profession, and residence location), and behavioural (physical activity and diet) factors ( Table 1 , Table 2 ). Multivariate logistic regression analysis was conducted to measure the relationship between obesity and demographic SES and behavioural factors (Table 3 ). Obesity was the interest variable and the independent variables were age, nationality, marital status, educational level, profession, place of residence, physical activity, and diet. All analyses were conducted separately by year and gender, and data used were weighted. All analyses were performed using the SAS © System (SAS Institute, Cary, N.C., USA).
Ethical consideration
This research was conducted in accordance with the World Medical Association Declaration of Helsinki. The Luxembourg National Commission for Data Protection approved the EU Survey on Income and Living Conditions, which also was used. 
Results
Distribution of BMI and prevalence of overweight and obesity, stratified by year and gender ( Between 1995 and 2007, the prevalence of overweight remained stable among both men and women, while the prevalence of obesity increased, particularly among women age 65 years and older (an 85% increase) and among those aged 45 to 54 years (a 49% increase). Obesity prevalence increased by 42.9% (4.9% in 1995 to 7.0% in 2007) in men aged 16-24 years, while it decreased by 51% (9.8% in 1995 to 4.8% in 2007) among women of the same age group between 1995 and 2007.
In 2007, Luxembourg men had a higher obesity prevalence rate than the mean value, followed by Portuguese men. Among women, the prevalence rate was higher than the mean in Portuguese women. Between 1995 and 2007, the highest increase in obesity prevalence was observed in Portuguese women (from 13.3% to 23.5%, or a 76.7% increase) and Portuguese men (from 11.0% to 16.3%, or a 48.2% increase).
Obesity prevalence was highest among widowed men (30.9%) and widowed women (26.1%) in 2007. Compared to 1995, obesity prevalence increased to 79.7% in men and 32.5% in women in 2007. Regarding educational level, higher obesity prevalence was observed in those who completed their primary education compared to those who completed their graduation. Obesity prevalence ratios were highest among women (3.27 for women and 1.59 for men). Large increases in obesity prevalence were found among women. In 2007, obesity prevalence among agricultural workers, farmers, craftsmen, and other workers was approximately twice that observed among managers working in intellectual professions for both men and women. There was generally an increased prevalence of obesity in each profession between 1995 and 2007, except for male managers. Moreover, obesity prevalence increased according to the location of residence between 1995 and 2007, with the exception being men living in the North region. The increase in obesity prevalence was higher among those who did not engage in physical activity between 1995 Men and women who say their diet is balanced are less likely to be obese than people who do not believe they eat a balanced diet. Obesity prevalence was higher among those who rated their diet as unbalanced (22.3% in men [from 23.1% in 1995 to 24.5% in 2007] and 39.5% for women [from 19.5% in 1995 to 21.7% in 2007]).
Link between demographic and SES determinants and obesity (Table 3)
Risk for obesity was associated with age among both men and women in 2007. This association was absent in women in 1995 and stronger in women than in men in 2007, as shown by the odds ratio (OR).
Marital status was not associated with risk for obesity in both men and women in 1995 and 2007. However, married men were more likely to be obese than single men in 2007, and widowed women were more likely to be obese than married women in 2005.
Nationality was not associated with obesity prevalence among men in 1995 and 2007 or among women in 1995. A statistically significant difference appeared between French women and Luxembourg women in 2007; the French women were less likely to be obese than the Luxembourg women (OR = 0.43, confidence interval [CI] = 0.23-0.79).
Educational level was associated with the likelihood of obesity among women in both 1995 and 2007. Women with an education level below the tertiary education were twice as likely to be obese in 2007 (OR = 2.06, CI = 1.43-2.98 for primary education, and OR = 2.08, CI = 1.48-2.92 for secondary education). Between 1995 and 2007, the strength of the association between education and obesity decreased among women; however, the extent of inequality remained high.
The association between profession and obesity was statistically significant among men in 2007 and among women in 1995.
The location of residence was associated with obesity prevalence for both men and women. Compared to residents of Luxembourg City, men who inhabited the regions of Centre North, North, and West generally were at an approximately twofold higher risk for being obese, and women living in the Centre South, East, and West regions had a less-than-twofold risk.
Lack of physical activity was associated with the likelihood of being obese in 2007 for both men and women. Men and women who did not exercise were nearly 1.8 times more likely to be obese than those who exercised. In 1995, this link was only statistically significant in men.
Links between diet and obesity were statistically different among men and women in 1995 and 2007. People who were considered to have unbalanced nutrition were more likely to be obese than those with a balanced diet.
Discussion
Our results show that obesity prevalence increased by 24.5% through the study period in Luxembourg. However, because the prevalence may seem stable overall, increases across different ages may be overlooked. Age remained an obesity inequality factor for men and women in 2007, but only for men in 1995. Women tended to pay more attention to their weight than men did; therefore, less than 50% of the women were overweight between 1995 and 2007. These trends were observed in other developed countries as well. In France, the prevalence of adult obesity increased by 52.3% between 1997 and 2006 (13.1% in 2006 and 8.6% in 1997) [25] . In Switzerland, 2 studies found that the prevalence rates of obesity were 14.1% in men and 16% in women in 2005 and 2006 [26] , and 8.6% in men and 7.7% in women in 2007 [27] . In Greece, overall obesity prevalence was 22.3% (25.8% in men, 18.4% in women) in 2003 [28] , which was higher than that in Luxembourg. Our results showed that obesity prevalence rates observed in both men and women in Luxembourg were lower than those in both the United States and England. In the United States, the age-adjusted prevalence of obesity was 32.2% among men and 33.5% among women [29] . In England, 26.1% of adults aged 16 years and older were obese [30] .
Resident nationality reveals changes in lifestyle and dietary habits associated with population migration. For example, obesity prevalence in Portugal was lower (14.1% of men and 16% of women in 2005 and 2006) [26] than among Portuguese residents in Luxembourg. In contrast, for French residents in Luxembourg, obesity prevalence was lower than the prevalence rates observed in France (12.5% of men and 13.6% of women) [25] .
The extent of the relationship between SES factors and obesity prevalence examined with multiple logistic regression analysis confirmed the results of other studies [4, [8] [9] [10] [11] [12] [13] [14] 23, 28, [31] [32] [33] .
The influence of education on obesity is significant in women because it clearly shows the social gradient; other studies have presented results showing an inverse relationship between education level and SES status [8, 10, 31] . The link between obesity and educational level is reflected in the multivariate logistic regression model. Educational level influences the ability to process information regarding healthy lifestyle and, more specifically, overweight and obesity [8, 32] . According to Kenkel [32] , education helps people choose healthy lifestyles by improving their knowledge of the relationship between health behaviours and health outcomes. In rural Appalachia, a study found that education has a significant influence on risk for obesity [4] . Cawley and colleagues [10] emphasized the role of information and education in the association between education and obesity. A low level of education was an obesity risk factor in our study, particularly among women. Women who had only reached the level of primary or secondary education were twice as likely to be obese compared to those who had achieved a higher level of education. In Greece, educational level was not associated with risk for obesity among men, but this relationship existed among women [28] . In Spain, a study conducted between 1987 and 1997 showed a predisposition to obesity that was much higher in people with a basic level of education, regardless of gender [11] . Overall, these results confirm the important role of education in the prevalence of overweight and obesity, as observed in other studies [4, 9, 10, 28] .
Some studies found that married people were more likely to be obese than unmarried people [28, 33] . Our results showed that marital status was associated with obesity among women in 1995 and among men in 2007. In Greece, married men and married women were twice as likely to be obese than those who were not married [28] .
Our results demonstrated a larger difference in obesity prevalence between agricultural workers, craftsmen, general workers, and those with no profession, and men working as managers and in intellectual professions. The results of our multivariate analysis showed that men working in lower professions were more than twice as likely to be obese than men working in top professions (e.g., managers and intellectual professions) in 2007. This result was similar to that found in England, where higher professional status was associated with lower risk for obesity [34] . Among women, this difference decreased through the study period but remained high. This trend also was observed in France between 1992 and 2003 [35] .
Obesity distribution is associated with respondents' residence location; this association was higher in 2007. These differences may be attributable to SES context, diet and physical activity, and environment (urban or rural). In Portugal, a cross-sectional study showed that people who lived in rural areas were at lower risk for obesity than those who lived in urban areas [36] . In contrast, our results suggest that men and women who live outside of the major town of Luxembourg (Luxembourg City) are more likely to be obese. The North and West areas are less populated and include rural areas, and obesity prevalence was higher among men and women in these 2 areas. It is noteworthy that even in a small country such as Luxembourg, spatial variations of obesity can be observed.
Many studies have found that physical activity is associated with obesity [37, 38] . Our findings showed that physical activity was associated with obesity risk in both men and women, particularly in 2007.
Other studies found a statistically significant association between obesity and diet, but sometimes the results were mixed [39] [40] [41] . Our results suggest the relationship between obesity and diet was statistically significant in both men and women in 1995 and 2007. These results may be of interest for those involved in diet-related health promotion.
Limitations of this study were as follows: BMI was selfreported, and we did not have data on smoking, alcohol consumption, or calorie intake. These missing data are behavioural obesity determinants (lifestyle) that are required to be controlled for in an analysis of the relationship between obesity and SES determinants.
Conclusions
The prevalence of overweight and obesity is relatively high in Luxembourg; however, it changed only slightly between 1995 and 2007. SES inequalities associated with obesity are important, especially inequality in education among women and professional inequality among men. The fight against obesity should focus on educating the population at large, with particular emphasis on socially disadvantaged people. Our findings confirm the influence of lifestyle factors on obesity risk. A sustained policy to fight obesity is justified by the risks associated with this health problem, both in terms of medical expenses and morbidity [42] .
